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ABSTRACT

Al Q
& shset stuly was made rf posaible scchods of proximity fuzing

two Chemical Corps munition: . a sphere and a Flettner rotor, to
provide air-bursts o. 5 to 15 feet. Various types of fuzing systems.
including mechanical, electrostatic, radio, acoustic, and optical
types. were investigated and evaluated. A comparieon of the impor-
tant caracteristics of the various fuze types is made. The choice
of the fuze type for a given application must result from a combined
evaluation by the fuze and munition designers. (5)

N.

This study is an outgrowth of an informal meeting in January 1957
of Ft. Detrick personnel and DOFL representatives. As a result of
a general discussion of the problem of fuzing the type of small muni-
tions developed by Ft. Detrick, DOFL undertook a short study to
determins the feanibility of proximity fuzing a series of weapons,
including spherical and Flettner rotor munitions (Figuresl and 2).
Such muriitions may have spin rates of 10,000 rpm (nax) shortly
after release, dropping to 3000 tc 6000 rpm at target: and since the
munitions are clustered, interaction problems may be encountered in

radiating-type fuzes.

i. iINTRODUCTION

Examination of the fuzing epecifications (Appendix A) showe that
these nmunitions impose several requirements which; in general, have
nat been encountered in previous DOFL fuze projects. One require-
ment that is particularly stringent is that of size. The fuze must
ultimately be caprble of being pachaged in a 3-cu-in. volume. (Initially,
a volume of 5 cu in. will be accepted.) A second novel characteristic
is the long (8 to 12 min) operating period. It would be difficult to
provide the power required for a vacuum-tube fuze for 10-min operation
with » thermal -type power supply of reasonable size. However,
commerétal mercury- or dry-celi . atteries of usable sizes can pro-
vide the necessary power. The limited operating-temperature range
(0°C te 55°C) makes the use of these cells feasible, particularly if
the power supply may be inserted into the fuze shortly before the time
of operation. In addition, this narrow opzrating-temperuture range
permite the use of simple, low-cost transistor circuitry. Another
significant operating characteristic is that the fuze should provide
a mean bu-st height of 10ift, with 85 percent of the rounds bursting
between 5 and 15 ft, and the remainder of the operable rounds burst-

ing batween 0 und 25 ft.
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This report covers a trief appraisal of the various fieids of’
froximity fuzing. Fach type, wheiuaer apparently promising or not,
is herein presentea for poasible consideration oy the munition
designer. In this study, primary emphasis was placed on furing
for the apherical munition.

Z. FUZING SYSTEMS

2.1 Radio Doppler Fuze

The most widely known type of proximity fuze is the radio-
doppler fuze. This ia an active fuze, emitting radio-frequency
energy. When the radio-doppler fuze approaches a target, a
fraction of the r=diated energy is reflected by the target and re-
turned to the fuze. The phase of the returning waves is such as to
reinforce or oppose the waves being radiated, depending on the did-
tance between the fuze and target. The reinforcements and cancel-
lations alternate at an apprcuimately conetant audio frequency {Toppler)
and with increasing amplitude. This audio frequency is determined
by the frequency of the radiated signal and the velocity of the fuze
with respect to the target. The alternating audio-frequency voltage
is applied to the input. of an amplifier. The amplifier output signal
i8 used to trigger the firing circuit, which initiates the explosive

rain.

2.1.1 Circuitry

The most simple radio doppler fuze circuit that could meet the
10-ft burst-height requirement, would consiet of an r-f oscillator,
an amplifier, and a thyratron. Two bagic types of wmircuitry are
presently available for use in such a radio-doppler-type fuze. One
type utilizes vacuum tubes, and the other uses iransistors. Each type
haes inherent advantages and disadvantages. Therefore, both were
congidered in this study.

2.1.1.1 Vacuum-Tube Circuitry

During the period June 1952 to December 1954, DOFL carried on
an investigation of a radio doppler fusc for a spherical munition* of a
size comparable with that considared in this study. A fuze design
wags developed to provide burst heights in the range 2 to 8 ft. This
design utilized a loop antenna, a vacuum-tube oscillator, amplifier

* DOFL Report PR-55-9, Fuze, VT, T779, Final Progreu Report,
Mar-Dec 1954.
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and thyratron. Arming was to be spin actuated, and the power supply
(probaviy of the thermal type) was to bé rarometrically initiated at
about 12,000 ft. This fuze, the T779, is not suitable for use in the
munitions considerad in this ~tudy, becauce it occupied about 1. cu

in. and provided an averags burst height of only about 5 ft. At the
prasent iimmeé, however, it appeaxs scasonable to consider the possi-
bility of designing a fuze of the vacuum-tube radjo-doppler type,
which would give the desired burst heights and at the same time be in-
closed within the amount of space available.

Probably the most compact type of vacuum-tuhs radio-doppler
fuze circuit construction presently possible is that of the T178E1
mortar-fuze amplifier and firing circuit. This subassembly, consist-
ing of three tybes and a printed circuit, occupies a volume nf about
3/4cuin, (i 1/4x¥1/4x1/2in.). If 1/2 cu in. is sllowed for
oscillator components, 3/4 cu in. for a safety and arming mechanism
utilizing the T1027 impact fuse (Sect. 2.1.5), snd 2 cu in, for &
mercury-cell power supply(Sect. 2. 1.4.1), a total fuse volume
{excluding the antenns) of 4.0 cu in. is possible.

This indicates that it is realistic to consider a radio-doppler
fuze using vacuum tubes in a volume approaching 3 cu in. Howeve:,
this would require a maximum degree of miniaturization, which would
be reflected in unusually high development and production costs.

2.1.1,2 “ransistor Circuitry

. radio-doppler-type fuze can probably more readily be designed
within the ultimate 3-cu-in, velume by using transistors, which are
smaller in size and require iess power for operation.

An exampse of the amall volume required for transistorized items is
a hearing aid, which recently became available, that can be worn
completely in the ecar. “This unit weighs 1/2 oz, and occupies s space
of 0.3 cu in,, including input and output .transducers. The three-
transistor circuit of this unit provides 50-db gain, and operates for a
period of about 40 hr from the self-contained battcry. Another example
of the amall size of transistor circuits it a commercially available,
four-transistor amplifier, which provides 75-db gain. This unit,
without transducers or power supply, is contained in a cylinder 1/2
in. in diamgter and 3/16 in. high, a volume of 0.037 cu in. Although
these two commercial devices may not incorporaie the temperature
compengation that would be required in the fuze, they do illustrate the
degree of miniaturization possible today in transistor equipment.
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The major problem in designing a transistor, radio-doppler
fuze would be in the design of a suitable oscillator-antenna system.
Indications are that the transistor oscillator would perform best
with a low-impedance-type antenna. The frequency of operation
must thus be high cnough to limit the radiation resistance to accept-
able levels. For a loop antenna, a frequency of more than 200 mc
seems indicated Transistors are now being developed, which
can provide the necessary pcwer output at the desired frequency. *

The balance of the fuze would be very compact. The i.ize of the
to achieve the proper {requency responge. The cost of the electronic
package (excluding the oscillator) could be expected to be under fifteen
dollars in production quantities, for operation under the limited
temperature and vibration requirements of these munitions. The mercury-
cell power supply could be contained within a volume of 0.5 cu in,,
and pcssibly within a volume of 0.16 cu in. (Sect 2.1.4.2) . The safety
and 2rming sysiem for the transistor, radio-doppler fuze would be
of the game size asg that for the vacuum-tube radio-doppler fuze.

*Bell Telephone Laboratori s transistor type 22039 cax= deliver 50
milliwatts inio s matched load at 2060 mc, and would provide an ade-~
quate signal-to-noise ratio for the use contemplated., It ig however,
an expensive ilem in its present developmental stage. It is estimated
that the cost of this transistor will be about nine doliars each in 1960
(based on anticipated military requirements). Another iransistor for
possible use as an r-f oscillatur is the Philco SBDT, which can deliver
30 milliwatts at 100mc. A rough cost estimate of this item is about
twenty dollars each by mid-2958. A similar Philco type, which might
deliver 5 milliwatts at 100 mc, would probably cost under five dollars
by mid-1958. This las: type would probably still provide an adequate

signal-to-noise ratio.
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2.1,2 Antennas for Spherical Munition

2.1.2.1 Fixed Dipole

One type ¢f antenna which might ¢ suitable for use on the spher-
ical munition is the fixed dipole shown i1n Figure 3. Although such an
antenna would necessitate the use of projections, it is likely that
these would not redure the clusteratility of the round. In addition,
the two added end volumes would provide additional space for the fuze
proper. (Figure 4 illustrates an arranggment in which a transistor
electronic circuit is packaged in one ear and the power supply is in
the other.) The protrusions may provide a fairly good antenna for a
radio-dopgler fuze opexrating at a moderately high (100 mc) frequency,
and would thus be suitable for use with either vacuum-tubeé or transistor

circuitry,

2,1.2.2 Loop Antenna

A second type of antenna, and probably tie one most consistent
with the stated specifications, is a loop antenna similar to that
used in the T779 fuze. With this loop, adequate s . nsitivities (8 to 15
volts) were obtained at 225 to 250 iz, with a B supply of 920 v.

Work on the T7749 fuze iadicated that it wovld be highly desirable
to eliminate the loss effects of the munition payload on the antenna
(Appendix B). This can be done by allowing a g\p of 1/4 to 1/2 in.
between the loop and the payload. To do this, the loop can be situated
above the spherical surface of the munition, which seems desirable,
or flush with the surface over an empty slot. In the latter case,
the payload volume would be aonsiderably reduced. Consequently, the
spacing betweer the loop and the payload would be a compromise
between payload volume and fuze performance. One possible loop
antenna position might be on top of the ridge between the halves of
the munition (Firare 5).

Z.1.2.3 Extending Dipole

A tbird antenza considered is a dipolc, in which wire radiating
elements are extended and stabilized by centrifugal force due to spin
(Figure 6). This would probably be the best antenoa, electrically,
because it could be made several feet in length, and could thus present
a reasonably low impeda.ce. The principal difficulty with this type
antenna would be that any appreciabls flexing of the antenna structure
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could cause a signal (due to changes in radiation resistance) approx-
imating in magritude the target-approach signal. However, if the
freguency of these induced signals is sufficiently removed from the
doppler frequency, such signals can be discriminated against.

The antenna racdizting elements prcject at an angle of 90° from
the axis of rotation, This results in variation of the radiation
pattern wiin respect to the target, This modulates the target-approach
signal at twice the rate of rotation. Therefore, if a single dipole were
used, and if the munition were spinning at a rate of 2000 rpm, the
peaks of the radiation pattern wauld occur at a rate of 2000/60 3: 2,
or 66 per sec. I the r-f oscillator frequency were 200 mc, and the
rate of target approach (vertical {fall) were 200 fps, the doppler fre-
quency would be sbout 2V/\ = 400/5 = 80 cps. Thus, the beat-freguen-
Ty cycle would occur during s vertical fall of 200/(80 - 66) = 14 ft.
Since the desired burst height is only about 10 ft, and since the beat-
frequency distance should be kept small with respect to the burst
height, these conditions could not be tolerated. A possible solution
would involve using multiple antennas, to raise the rate of occurrence
of radiation peaks, and lowering the r-f oscillator frequency as much
as possible, to reduce the doppler frequency. It should be noted that
this antenna ia the only type considered which must have a rotating
antenna pattern.

2.1,2.4 Hemispherical Antenna

A fourth antenna considered for possible use with he spherical
munition is the hemispherical type, consisting of two hemispheres
" separsted by a small insulating gap (Figure 7). This type antenna
is energized across the centers of the parallel sections at or near the
spin axis. Such an antenna would require that the missile be either

metallic or plated plastic.

Two principal advantages of this type antenna are 1) the payload
is not in the radiation field and can not affect oscillator operation,
and 2) the antenna is fairly efficient at a reasonably low level of
parallel loading resistance. Calculations indicate that radiation
efficiency increases with gap size, but, unfortunately, loading reeist-
ance increases also. Since the oscillator, eapecially the transistor
type, operates better with a low-impedance louad, there is a conflict
between the effects of gap size.

Computations of the antenna characteristics yield the following
values of parallel resistance, reactance and radiation efficiency:

8 ‘AKR-413
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Frequency, 200 me

1/8%» gap 1/4" gap
Rp = 22.4K ohms Rp = 30. 6X ohms
X = -16 ohms X = <31 ohms
p | &
Eff = 63% Eff = 86%

For comparison, a calculation wakmade for a thin wire loop of a
170-mil radius and the same 4-in. diameter, The following values
were obtained:

Rp = 122K ohms

Xp = 4330 ohms

Eff = 91%

It can be seen ithat the lower parallel resistance of the hemi-
spherical antenna is ohtained at the expense of lower radiation effi-
cency than the 7ir loop, unless the gap is made sery wide. The
particular kemispherical antainna configuration used would have to be
« Coinpromise,

2.1.3 ._Antenna for Fletter Rotor

The choicz of a suitable antenna configuration for the Flettner
rotor munition is much easier than that for the spherical munition.
A suitable antennsa for the Flettner rotor would seem to be a dipole type.
in which one end plate is driven against the rest of thc munition, or
in which the munition is split into two halves.

2.1.4 Posver Supply

2.1.4.! Power Supply for Vacuum-Tube Circuitry

A power supply for a proximity fuze employing vacuum-tube circuitry
should deliver the following voltages wad cureents:

TR-473
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B Supply : 90 v 2t 10 ma
A Supply : 1.4 v at 400 ma

C Supply : 7.5vat | ma

The thermal-type power supply can not be used in this application,
since a very large heat source would be requirad to provide operation
over the long flight times (8 to I min). Availabie types that could
provide such operation are the liquid-reserve (Navy type) energizer,
ordinary dry-cell batteries, and mercury-cell batteries.

The smallest liquid-reserve power supply available that would
supply A, B, and C voltagees is a cylinder of 1 1/2-in. diameter and
1-in, length, & volume of 1 3/4 cu in., excluding the mechanism to
break the ampule. However, this power supply is designed for setback
{gun firing) breakage of the ampule, as are most liquid-reserve power
supplies. Another drawback of this type power supply for thi. pplica-
tion is, that to obtain even electrolyte distribution the missile axis of

rotation and the central axis of the power supply must be coincident,
Thic nyunition probably can not meet this requireoment. Development
of a ¢cpecial cell structure would be prohiditively expensive.

A second type of power supply ¢ be considered would utilize the
hearing-aid-type dry cell to provide B and C voltages and the mercury
cell to provide A voltage. A no. 505 dry-cell battery (22 1/2 volt) can
provide the necessary 10-ma B current for 10 min., This type unit
would require 0.0307 cu in. per volt. Using this type battery for both
the B and C supplies and a mercury cell for the A supply, the total
power -suppliy volume would be:

B, C stack 3.0 cu in.

A cell . 4] cuin.*
Total 3.4] cuin.

A third type power supply would utilize mercury cells throughout,
This type cell for 10-ma current drain would require 0.0lo cu in. per

*Although a cell oi this size would be operated in an overloaded
condition, sufficient power could be nbtained for the short pgsiod

of fuze operation.
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voit. Therefore, a mercury-cell power supply would require a volume
of: .

B, C stack 1.6 cu in,

A cell <4l cu in.
Total 2.01 cu in.

Thus, the smallest power supplies that could be used for a vacuum-
tube, radio-doppler fuze are the liquid-reserve and the mercury-cell
types. The major drawbacks of the liquid-electrolyte type in this
application are the need for spin concentricity and the difficulty of
breaking the ampule witho ut setback forces. The major drawback of
the mercury-cell type is the relatively limited storage life of such
cells. These cells may be stored for six months to a year or two under

the proper conditions.

The power -supply requirements for vacuum-tube fuses could be
somewhat reduced by utilizsing tubss with lower power capabilities,
operating at lower voltages, using pulse instesd of CY trangmission.
Although the type 565 batieyy is the smallest available commercial
cell, it can provide the 10-ma B current. Thus, while reducing the B-
current requirement would permit a smaller B cell, this would
require that a riew cell design be developed for this application.

2.1,..2.2 Power Supply for Transistor Circuitry

The power supply required for a radio-doppler fuze utilizing
iransistor circuitry would be relstively simple. Mercury cells
providing 10 ma occupy a volume of 0,016 cu in. per volt. Thus,

a conservative supply of 30 volts would occupy a volume of iess than
0.5 cu in. A supply of 10 volts in a volume of about 0.16 cu in.
may be adequate for a transistor fuze.

2.1.5 Safeiy and Arming System

A safety and arming system could easily be provided for either the
spherical munition or the Flettner rotor munition for all fuzing systems
considered by utilizing the presently existing T1027 mechanical impact .
fuze. The basic change needed to convert this fuse to proximity as
well as impact operation is the iaclusion of an electric detonator, which
on initiations vould drive the fuze stab into the primer.

TR-473
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2.1.6 Interaction

Because the radio-doppler fuze is an active fuze radiating energy,
interacticn effects can be expected when the rounds are dispensed in
large numbers fr om clusters. If a coverage of 35 square milez by
approximately 2000 rounds is assumed (using a square pattern), the
average distance between rounds at impact is about 700 ft. }f it were
possible to arm the fuzes half way to tic ground, at an average distance
of 350 ft apart (not including vertical separation), then the combination
of 10-ft-burst-height sensitivity, vertical scattering, frequency scat-
tering, amplifier sophistication, would indicate that while the inter-
actiesn problem if formidable, it is not at all incurmountable.

2.1.7 Summary of Radio~Fuze Characteristics

The principal difficulties to be encountered in designing a radio-
doppler-type proximity fuze for the proposed application would
orobably be in confining the fuze within the required volume and in
providing a suitable power supply. However, the absence of shock
and ~xtreme vibration, coupled with thie limited temperature renge
ove:r which the unit must operate, make the design of such a fuze
feasibi¢ . Decause they allow the use ¢f dry-ceil or mercury-cell
power 1 ipplies (providing it is possible to insert the power supply

shortly before use),

Since more work has been done, and , consequently, more ex-
perience has been gained on vacuum-tube circuitry than on transistor
circuitry, the design of a 5-cu-in, =volume fuze would probably be
mosi quickly and most economically accomplished through the use of
vacuui.-tube ~ircuitry and a mercury-cell power supply. However,
the use of transivtor circuitry would offer the best assurance of
designing a fuze within the 3-cu-in. volume, since both circuitry and
power supply would be smaller than in the vacuum-~tube design. The
design of transistor circuitry for this application would be
more expeditiovsly accomplished than for moést other munitions,
due to the lzss 2:ringent temperature and shock characteristice of the
round. Considerable experience has alieady. beer gained on transistor
circuitry, and any additional knowledge gained would have considerable
carry-over value to other small munaitions fuzing problems.

2.2 Mechanical mtin’,

#rchanical fuzes in general have the advantages of being simple,
inexpensive, small and reliable. As a result, considerable effort has

SECRET .~ TR-473
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been made to devise fuzing systems which are mechanical, but which
will provide air burst. Three of these methods are evaluated in

this study. These were the following: leader-actuated fuse, probe
fuze, and bcunce fuze.

2.2.1 leader-Actuated Fuze

The lcader~actuated fuze utilizes a small mass, which pracedes the
munition in flight by a distance corresponding to the desired burst
height, and which is connected to the munition by some physical means,
usually a wire. On impact, this small mass sends a firing signal to
the munition, thcreby producing an air burst. The ballistic character-
istics of the components of this system must be carefully coatroiled
for proper operation. This type fusing echeme seems unsuited to the
application considered, due to the small size and spin of the missile,
and the cluster-type release, with the attendent possihil ity of tangling

the connectiag cables.

2.2.2 Probe Fusze

The probe fuze is similar to the leader-actuated fuze. The probe
fuze uses an extended element iv sense physical contact with the target.
This sensing element is usually rigidly attached to the munition.

Short studies had previously been made of the possibility of using
a pvobe fuze for a spherical munition of only 2-in. diameter. An approach
investigated was the extension of two or four iflexible probes of 2-ft
length, Experiments indicated that flexible probes of a foot or two
in length would not seriously affect the ballistic stability of the
round, although the spin rate of the round w2v'd be decreased. Two
methods appear useful in transmitting the firing signal from the prote
to the explosive train. One involves the use of dual insulated wires for
the probe, and the other involves charging the missile electrostatically,
so that probe contact with the ground would apply voltage to the detonator.
A major shortcoming of this type probe fuse for the present appiicution
is that it would be impossiblc to obtain burst heights in the range of

10 fe,

2.2.3 Bounce Fuse

A third type mechanical fuze considered for use with the spherical
ana Flettner rotor munitions is the bounce fuze. This type fuze
provides air hurst by projecting the munition back into the air after
impact. Most bounce fuzes are time fuzes, the time being measured
from the instant of ground impact. Thus. a low order of timing
accuracy can be tolerated.
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A possible bounce fuzs a'rztngemcnt for use with the present
spherical rauniticn hatdwar=s is shown in Figure 8. In this counfig-
uration the round is encased’in & layer of sponge rubber and an otter
case of plastic. A lead projectile is incorporated in a barrel
monnted off center in the inner sphere, so that the sphere, tends to
assume a resting position with the projectile in a position below the
cenier of the round. The outer plastic case contains a counterweight, .

to provide stability in flight.

Operation of this round is as follows (Figure 9): Impact shatters
the outer plastic case, and the sponge rubber pads bounce the round
out of the case. The T1027 impact fuse in the round initiates a pyro-
technic delay. The unbalanced sphere orients itself with the projectils
barrel pointing in a generally downward direction. After about 2 sec,
the pyrotechnic delay ignites a propellant charge, which fires the lead
projectile downward, causing the sphere to be projected into the
air by the recoil. A second delay burns through shorily afterward,
causing the munition to explode in the air. A pyrotechiic by pass
can be provided which will insure a delayed ground burst in ti.e event
of failure of any portior. of the bouncing mechanism.

With a munition we:ghthg 1.8 1b, and a desired function height of
10 ft, a projectile of about 0. 075 1b would be used. If this projectile
were made from lead of 0.437-in., diameter, a length of 1.21 in.
would be necessary. Although the operating portions of the bounce
fuze.for the spherical munition would be relatively small, the total
volume required for both the fuze and the outer casings would ve
about 15 cu in.

The Flettner rotor presents a more difficult problem. One device
(Figure 10) for use with the Flettner rotor is shown in various stages
of operation in Figure 11, The operation is as follows: o1 impact, one
end plate is blown off, releasing the erecting membe:z, which orient
the body of the round in a vertical position. The round is then pro-
jected into the air and exploded in a manner similar to that used with
the spherical munition.

The bounce fuze would have the advantages of other types of
mechanical fuzes, such as simplicity and low cost. The chief disad-
vantagesn of this system would be its unproven performance, and its
large space requirements.

; L]
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2.2.4 Summary of Mechanicagl Fuze Characteristics

Of the mechanical fuz e types considercd, the bournce fuze appears
to be the mmost promising type for this application. Such a fure would
be relatively low in cost, compared with most other types of fuzing.
However, there is considerable uncertainty as to the spread in burst
heights for varic: - __ ;s bf impact conditions. In addition, present
fuze designs require substantial amounts of space.

2.3 Electrostatic Fuzing

¢.3.1 Theory of Operation

Electrostatic fuzing for a certain small munition has already beea
studied. The principle of operation of this type fuze is as follows: A
munition is divided into two conducting segments by an insulating
segment and charged to a high positive potential, about 20,000 v. (Such
a charge is readily obtained by ejecting a suitable dust from the munition
in flight, or by contact charging the missile from an external source.)
As the positively charged munition approaches the ground, it induces
a progressively incituasing negative charge on the ground, The elec-
trostatic field of the ground charge causes the potential of that segment
that is closer to the ground to become more negative than the other
segment, due to the redistribution of charge. The insulating segment
is shunted by an electronic circuit, which detects the voltage change,

and causes the mu=-i‘tion to explode.

2.3.2 Fuze Design for Spherical Munition

The possiblity of :aing .an electrostatic fuze (ESF) for the spherical
munition was investigated. In order that one segment of the sphere be
closer to the ground than the other, it is neccssary to divide the sphere
horizontally. Thus, in the case of the spherical munition, there is a
continoous redistribution of charge as the munition rotates in proximity
to th~ ground. This produces an a-c signal of the rotational frequency.
The distance the munition falls between signal peaxs is
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_Y_?.’.L?__ where: S = separation distance
bwetween peaks
V = glide velocity
0 = glide angle, and
F = spin frequency.

For a typical case:
S =

160 sin 60°
4500/60

An ESF circuit that might be suitable for use in.the spherical
munition is shown in Figure 12. This circuit is a variation of a two-
tube circuit which has yielded function heights up to 15 ft on the 81 -mm
mortar shell, All of the electronic components, plus a complete safety
and arming system for this munition have been assembled in a volume of
2.8 cuin, The use of a transistor amplifier and firing circuit may
further reduce this volume. The dust dispenser and power supply are
not included in the 2. 8-cu-in. volume., The dust dispenser muy be
insyrted n--ar the surface of the sphere, or might possibly be incor-
porated in the cluster itself. The power required is 2 v at about 80 ma,
and 150 v at 10" amps. A mercury cell can deliver the former, and
one of the low-current, solid-state batteries now being developed or a :
mercury-cell battery can deliver the latter.

=], 8ft.

The burst-height sensitivity of this fuze depends on the thyratron
grid bias a.nd on the magnitude of the input signal. The theoretical
input signals for a 4 1/2-in, spherical munition were computed as

follows:

Height
(f¢)
10
5
2
1

Signul
(v)

0.5
2.3
7
0

1
8
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Tow du ment sontaing Information umcmv! th-r nationat ec‘nnu of the lmmd States witnin the mulv? Iawe, title
19 U.5.C., 793 and 794, ts transmission or t in any 7 20 &N unauthorized person ls prohl by law.




SECRET

The circuit of Fig 12 requires about 1 volt to fire, A :impler onr.-
tube circuit can be made which will operate on.a. 5-vsignal. The
targets for which these signals were computed were assumed to be
conductive. As the conductivity of the target decrenses, the inagnitude
of the signal decreases, although the extent to which the function
height is afiected has not beer determined, However, this decrease is
limited by the polarization that occurs inall dielectrics, The avail-
ability of a signal with a dielectric has been demonstrated by laboratory
tests using a Lucite target, Electrostatic fuzes have functioned
sronerly over dry sand in field tests, The presence of moisture and
other impurities in and on the ground will increase the conductivity,
and hence the fuze input 2ign=l over that of a dielectric.

Cne drawback of the electrostatic fuze is that, in the past, its
performance has deteriorated greatly in rain, probably to about 25 per-
zent. Lahoratory experiments have indicatad, however, that it might
be possible to achieve some degree of protection against premature
functioning in rain by the use of a simple RC intersiage integrating

circuit.

2.3. ? Summary of Electzostatic Fuze Characteristics

Thz spherical munition meay be electrostatically fuzed to provide
burs: heights up to about 5 ft. The 10-ft burst height, “however, might
require a sensitivity that would make the fuze unstable. The ~lectrostatic
fuze iz simple, inexpensive, and has good countermeasures characteristics,
but cperability in the rain is questionable,

2.4 Acoustic Fuze

2.4.1 Description

The feasibility of an active acoustic fuze has been considered
at DOFL, but development effort has been directed only toward .a
passive acoustic fuze for antiaircraft application. The following
is therefore a theoretical evaluation of the performance that might
be expected from an active acoustic fuze against an earth target,

The acoustic fuse would be functionally similar to a radio
doppler tuzie with a transmitter and a rece’ver. The transmitter
would send out waves of acoustic cnergy at probably & supersonic fre-
quency which would upon refl ection from the earth be detectéd by
the receiver., The receiver would discriminate between direct
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and reflected waves by \mlisin‘ the doppler shift of the latter due
to the vertical component of the missile velocity.

For a 10-ft function height, the tranamitter could he an aerodynain-
ically powered whistle operating in the 30-t060 kc rgngeé. The doppler
shift with verticai Mach number is { /fb:(l + M)/(l '-M), where

f, = whistle source frequency, { = received reflected frequency, and

M - v, jssile vertical Mach number. The frequency shift for various
Mach nurnbers is as follews:

M 0.2 0.4 0,6

£/6,° 1.5 ' 2.3 4.0

To determine air absorption and ground reflections, it is
necessary to know the whistle signal frequency in air, {_,
which is given by { /f = 1/(1-M). Typical ratios are

M 0.2 0.4 0.6

/1, 1.25 1.67 2.5

The height d above a target at which a particular sound level
.aust be emitted in order that it be reflected from the target and
received at 2 height h can be determined from the following:

d/h = (1 + M}*/{1 - M) ~- the same ratio as &_/fd above.

The loss of signal upon ground reflection depends on both the fre-
quency and the nature of the terrain. The air wavelength of the sound
source herein considered is about 1/4 in, and thus any natural terrain
will appear very rough and the reflection will be diffused. It is esti-
mated that a loss of 20 db may occur on reflection from grass- or
snow-covered ground.

The self-noise ussociated with missile flight, both aerodynamic
and from mechanical vibration, is very difficult to estimate, Its mag-
nitude was prohibitive for previously tdated shbscaic.shissiles, at the
Jower frequencies used in earlier work. That for the present choice »f
frequency will be considered later,
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To determine the permizsible levels of operation of the fuze for the
present application, let M = 0,15, {;= 30kc, and h = 10 ft. Thenf =
40.5Ke, fy= 35.4 Kc, d = 13.54t, and d + h = 23,5 ft total cir travel
of that sound received at 10 {t. Air attenuation for 35 kc is about 0. 4
d-/ft or 9.4 db for 23.5 ft of air travel. A 1l-watt omnidirectipnal
sound source provides a sound pressure level (SPL) at 5 in. of about
126 db relative to 0.0002 microbar. This is the direct path signal
ievel 2t the fuze transducer. The reduction in Feflucted signal level
relative to the direct signal at 10-ft height is 20 log 23.5/(8/12) = 35dh
If the :21gci 13 a perfect reflector and the r3guired signal-to-noise
ratio is 3 (9. 5db), the discrimination between the direct whistle
signal and the reflected signal at the transducer must be 9.5 + 35 ¢+
9.4 = 53,9 db., This discrimination is independent of whistle power
and for the assumed conditions must be between frequencies differ-
ing by only about 30 percent. (This is the minimum discrimination
since loss due to ground reflection has heen neglected.) The reflect-
ed SPL at the trausiucer for the 1-watt whistle is 126 - 44.4 db or
about 82 db. Self-noise levels in the low audio range onthe nose of
bombs falling at M = 0. 4 have been measured to be between 100 and
110 db, but this decreases with decreasing Mach number. Thus {or the
assumed case, th= discrimination between direct and reflected signals
must be at least 53.9 db ~t a frequency separation of about 30 percant,
and the noise bevel at the transducer must be less than about 72 db, for

a 3-tb-1 signai-to-noise ratio.

A typical barium-titanate transducer at its natural frequency
might have sensitivity of - 75 db re 1 voit/dyne/cm2.. For a SPL of
87 db, the zignal voltage would be about 450 xv., More sensitive
microphones might be used, but generally these are more susceptible
to mechanical vibration, which could present a serious problem.

The use of a directional transmitter or receiver or both could
icliéve the problem of discrimination betweer direct and rdflected
waves and increase the level of the returned signal. This would,
howeve:, increase th: required velume. Increasing the whistle power
output would also raise the level of the returned signal. It is estimated
that interaction between 5-ft function-height fuses using omnidirec-
tional characteristice would be serious at a 50-1t separation, if their
relative velocities or frequencies were such as to producs the required
doppler frequency shift. Far every 6 db of directivity of either
transmitter or receiver, this distance would be halved. The problem
is still more severe for the 10-£t height.
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One large problem area lies in the design of a suitable whistle,
which can be either air driven or powered from an interai} source.
The whistle must have appreciable power output, be quite stable in
frequency, ard be of narrow bandwidth. These three features couid
best Le achievad by using a whistle driven from an internal power
source. Hcwever, conversion from electrical power to acoustic
is generally very inefficient und for this munition could easily be
as low as |1 percent. Thus a power supply of 100 watts ia indi-
cated. Since the volume requirements for such a supply are clear-
1y prohibitive, the whistle wovld probably have to be air driven.

A [urther difficulty lies in providing suitabie directional char-
acteristics for Gath the transmitter and the receiver, and sufficient
isolation from each other in the avaiiable space,

2.4,2 Summary

There are many problem arean associated with acoustic fuzing
thie munition. Many of these require novel developments such as
an adequate signal source. In addition there are areas in which
little or no data exist; for example, noise originating from the rotating
fluted surfaces or from rain impacts. Thus, extensive experimental
and developmental effort would be required for a valid assessment of the
acoustic fuze., Because alternate fuzing schemes are closer to acheive-
ment and because a successful acoustic fuze program would provide
an item which would have no unique advantages, this approach does nst
appear attractive at this time.

2.5 Optical Fuze

2.5.1 D.escription

Previous work at DOFL on optical fuzing has been restricted to
two types of passive systems and one active system suitable for use
only on large missiles. For the present application, an active system

such as described below appears promising.

The unit would have a transmitter and receiver focused on a small
area at the required function distance. Since the accuracy of this type
of system would be proportional to the distance veiween the iight source
and receiver, an analysis was made of an arrangement in which the
source and receiver ware located in protuberances at opposite ends of

£0 TR-473

31 mert sontaing Information effesting *az ngticns! detense of the United Dtates within the of the aws, tle
{GG.?C“..T”-M7)4.' s toal uvn. oty in any - an mm.fh.




SECRET

the rotational axis of the missile, and fin-atabilised nonrotating shields
were used around the source and receiver to docrease backgroimd
illumination. This system is illustrated in Figure 13. The transmittin_
and receiving beam must maintain their aligament at all times and thus
the two fins that direct the beams along the flight path will probably have
to be tied together mechanically if they prove at all unetable.

A type 222 tungsten filament bulb with a built-in lens would be suit-
able as the light source. This requires 2.5 v at 0.2% amp. The receiver
could well be a cadmium selenide photoconductive detector, since it
is one of the most sensitive detectors available that has ‘fa st enough
response for fuze use. This datector peaks in the infrared band but has
sensitivity into the visible spectrum. The power supply could be either
of th- dry-cell or mercury-cell type. Two type 12R mercury cells will
prov.de ample filament power for the required time, in a volume

of about 0. 6 cu in.

Calculations were made that indicate that a light detsctor output
of about 1 mv will be obtained under the poorest conditions if a bias
of about 30 v is usad, wilk the detector working inls a matched load.
The bias-supply current draia weuld be sxceedingly small and could
e cbtained from tha 2.5-v supply by a transistar comverter. Use would
also be made of a transistor amplifier and firing circuit. The detector
should be matched to its load for the operating ambient light condition.
Reduced back-ground illursiaation causes incresses ia cell resistance
and sensitivity; the mismatch caused by the first is essentially compen-
sated for by:the latter. Thus, the night-time signal turms out to be
about the same. ’

The noise in the system will originate both in the random current
flow in the detector and in microphonics of components in the detector
area of the circuitry. The magnitude of these will probably be less than
the i-mv expected minimum signal which may provide an adequats signal-
to-noise ratio. One laboratory meagurement simulating daylight operat-
ing conditions gave an S/N figure of 6. Refined techniques should in-

crease this factor.

Although a simple amplitude detector and amplifier may be adeguate,
it appears that it would be desirable to mumadilate the:transmitted beam
at a multiple of the rotational frequency. The receiver would then be
‘n\!-\ntnd

tuned to this frequency and unmodulctied light would be discrix
agmivri, Dy ikc ampiilicr.
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The foilowing is a sample caiculation based on the system just
described. Assume a type 222 lens-tip bulb. The total radiant flux !
ietercepted by the source lens is 9.032 waits, according to laberator zy
measurgments. The ﬂux denaity at the detector lens is Fy =rRs/ vR
#(1.1)(0.032)/ % (305)2=1.1 % 10°8 w/cnf, where r = diffuse reflec-
twvigy - of t:‘, ground (z=0.1), P, = heam power of larap source, and R =
target dis¥kace in cm. The Jgnal flux at the surfuce of the detector due
to source-emitted light is ¥, = F{ Ag/ApF 11 x 1077 x 27,32 = 11 x 10-6
lumens/ cmz, where Ay = area of detector lenn (8q cm), Ap= surface

area of detector (sq cm), and therefore Aj{Ap= optical gain of detecter

v odbert

system,

The background flux densi’y as saen by the detector is determined
by the sunlight :eﬂ;cted by the ground and is ¥g = rlhAaA’!Z. S'RZAD

= 0.07 lumens/ cm?, where PB= llumination due to sun = 11 lumens/ ¢m

and A= area of illuminated zround seen by the detector, w! <h is
the maognification squered, times the detector area = AD I F. L. )zAn

F. L. being the focal length of the detector lens (in cm). The figure
of 2,5 in the above aguation is the spectral correction factor. This
factor arises because the illumination measurements are made in
the visible which is & narrow band centered on 0, 53 microns, while
the CdSe cell sensitivity is primarily in a narrow band cen.er=d on
0.75 microne. The golar intensity in the CdSe baad is about .9 that
in the visible, while the tungsten lamp intensity is more than twice that
the visible. The (ractionn.l change in flux density due to a target is

tulI;IEnzllxIO' [.07=,16x 103,

[1]

The signal voitage for a bias E of 30 v, assuming the change in
cell resistance proportional to the change in illumination is, with R=Ry,

Vg = E&RSR; /(Rc+ By)° = E 6 R/4Rc =(30 x . 16)/4 = 1.2 mv,
where Rc = cell resistance, and Ry, = load resistance.

This calculation of {ractional flux change assumed maximum normal
daylight illumination. 1If the high-gain lens system using directional
beams in conjunction with stabilized hoods is not used, the systern becomes
marginal due to high background illum nation. However, if ‘operation
is restricted to the period between sunset and sunrise, a much simpler
fuze can probably be used.
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A sim:lar arrangement is applicable to the Flettner rotor.

2.5.2 Summary

An active optical fuse for the spherical munitic= appears possibie
if projections on the surface of the sphers slong the missile axis are
permiwted. The signal is adequate and the 8/N ratio can probably be
sufficiently improved through the use of special techniques such as
electrical filtering and modulation oi the source. Power requirements
could be satizfied by a mercuty cell pack. The use of transistor amplifier
and firing circuitry would be necessary because of =pace requirenients,

2.6 Semiactive Microwave Fuze

Cursory consideration was given to a semiactive microwave fusing
system, This system utilizes simple receivers in each sinall mumition
and a master transmitter in a separate unit. Operation of this system
(diagram, Figure 14) is as follows: The microwave master transmitter,
suspend :d from a parachute above the free-falling munitions, radiztes
pulses 3{ such a lergth that at the déesired haight above ground, the
smali munitions receive the directly transmitted enerjy and the energy
reflected from the ground simultsasocusly,. The receivers mix the two
signals and extract and amplify the resultant doppler-fraquency signals.

Such a system would have several advantages. The receivers would be
small and relatively low cost. When dropped with 2000 munitions, the
cost of even two transmitters would be only about twenty cents per munition.
There would be no problem of interaction between munitions.

This system would aluro have several shortcomings. Munition spin
might induce an unwanted dop; 2r signal. Aatenna design would be very
difficult. Performance might deteriorate over mouatainous terrain,
due to the necessity of line-of-sight transmission from the transmittc.

to the munitions. :

2.7 Capacity Fure

A capacity fusing system was invastigated, which detegts target
proximity by a change ir capacity between two segments of the fuze.
The system studied inveolved transmitting a signal from one probe to
another, while providing very stable neutralization of the direct
ccupling, Target proximity would change the aAmount of signal transmitted
due to a thange in {ue coupling between probes.
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Breadbroad models have been constructed using this technique,
and have yielded very stable function heights of 1 to 3 ft in laboratory
tests. This type fuze could be built within a small voiume, and can
provide very good protection against countermeasures. However, it
would not be possible to obtain 10-ft burst heights, although, if burst
heights of less than 3 ft were considered, this device would be worthy

of attention.

3. DiSCUSSION

In order to compare the relative merits of the various types of
fuzes discussed, several of the important characteristics have been
tabulated (Table 1). An attempt has been made to rate the various
systems for each of these characteristics. The relative importance of
these characteristics, however, must be established jointly by the
nunition and fuze desgigners,

Of the types of fusies considered, the transistor radio fuze and
the electrostatic fuze are the only types that can reasonably be
expected to be constructed within the ultimate 3-cu-in. volume
(excluding the radio antenra). However, other types could be designed
within the intszim 5-cm-in. volume.

The 10-ft mean burst height requirement, on which the data in the
table are based, is an important factor in the relative standing of the
different fuze types. For instance, if the desired burst height were
20 ft, only the radio types and possibly the mechanical type could be
consideresi, On the other tand, if the burst height were to be 5 ft, the
eiectroetatic fuze would be very highlv rated in relation to the radio
types, particularly if rain operation were not required. The function-
hieight stability is also affected by the required burst height. For example,
since the 10-ft burst height is at the upper limit possible with the
electrostatic fuze, burst-height stability is only poor, although at a
height of 5 ft, stability would be good. (Burst heights of the mechanical
bounce iuze would scatter considerably in any casge.)

Although the radio fuzes would probably have the least protection
gainst interacticn and countermeasures, it may well be tha* the
countermeasures problem is o little significance when the tactical
conditions of use are considered. The countermecasures resistance
of the electrostatic fuze and especially of the mechanical fuzes is
outstanding.
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The eitect of weather would be most serious on the electrostatic
fuze since rain drops not only tend to remove the chazge on the
munition, but also can cause false firing signals. An effect common
to all the fusing systims is the microphony due to the physical impact
of rair drops. Extensive experience with radio fuzee nsing vacuum
tubes, however, has resulted in techniques which make these fuszes
essentially immune to weather. This problem should be even less
severe with transistor fuges.

With regard to unit cost in production, the least expe=sive fuce
would probably be the mechanical type. The cost of developing a
transistor radio fuze would be relativelv high, due to the necessity
of cocmponent devalopment, although the results of this development
would have significant carry-over value to other munition ckapss.
Developeat costs of the various types of fuzes would depend greatly
on the degree to which all of the military characteristice must be met.
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APPENDIX A

FUZING SPECIFICATIONS FOR SPHERICAL AND FLETTNER ROTOR MUNITIONS

i. aAppiicshiz to sphere and Flettnex rotor:

{a} Mea:: bu=et hieight; 10ft, with 85 percent of rounds bursting
between 5 and 15 ft, and balance of opzrable rounds between
0 and 25 ft.

{h} Storage temperature: -40°C to +50°C (interim)
«55°C to +50°C (uitimate)

1-) Operzsting temperature: +5°C (ideal)
0°C to +55°C limits.

{d) Release conditions: 2,000 to 60,000 ft at speeds
subsonic to Mach 4,

‘e} Protrusions: None without perraission. Air-arming props,
veanes snd spinners prokibited.

{f} MIL-STD Teusts: Fuze must pass applicable jolt, jumble,
vibration aad 40-ft-drop tests.

2. Applicable omy to spherical munition:

{8) Munition weight: 1 7/8 1b, 2/3 of which is payload (550 ml).
{b} filide angle: 45° to 75° from horizontal.

{c) Coverage: 30 to 40 square r les.

{d) Reie=se: Above 40,000 ft at Mach 0.95 or greater.

{¢) Ground approsch velocity: 120 to 200 fps along glide path.

(f} Spin rate: 10,000 rpm (max), soon after relcase, falling to
3000 to 6300 rpm at target,
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SEGRET

{g)} Cluster: Twenty-seven rounds per package. Aircraft may
releage total of 1944 spheres for 3C-to-40-sq-mi
COVETBES.

{h} Time of fall: 5 to 8 min.
{1} Arwing: Fuze shall not arm below 2400-rpm spin rate.
Maximurm Fuze Volumse: D cu in. (intevim)

3 ¢a in, (ultimate), with

roax length of 4 in. and max
diameter of 1.5 in,

oin
Qt -
L]

in, csent munition case: Tenite I (cellulose acetate butarate)
Wall thickness of 3/32 in, with 1/8-in,
flutes.

{1} Development schedule: Prototype phase (tentative design
established and feasibility demronstrated)

completed by Mid-1958.
Develogment phase (all OCM requiremenia
m-et) completed by Mid-1959,

3. Applicable to Flettner-rotor munition only:

{a) Munition weight: 2 to 2 1/21b,

{b) Glide angle: 25° to 65° from horizontal.

{c} Greund approach velocity: 50 to 150 ips along
glide path,

{d} Spin rate: 10,000 rpm (max) soon after release, falling
to 3000 to 4000 rpm.

{e} Time of fall 5 to 10 inin.

{{f} Arming: Fuze shall rot arm below 2500 rpm spin rate.
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(g} Muxumum >use Volume: 5 cuir. {interim)
3 ¢cu in. (ultimate), with
max length of 6 in. and max
d ismeter of 1 in.

{h) Devalopment Sch-ilule: Prototype phase shall lag that of
spherical round by 6 months. Development
phasa zomplated by Mid-~1959.
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APPENDIX B

DIELECTRIC PROPERTIES OF PAYLOAD

Meagurements were made of both the dielectric consiants (¥

2nd the loez tanpents {Tarn 5 »f the pavioad material. The cor-
responding values for the diluent alone werc also measured. The
rewuits verified the prediction that the diluent is the principal facior

i cletermining the electrical characteristics of the payload., Meazs-
urements were 2lec made of distilled water and sea water for compar-
ison. Ali measurernents wxre made at 200 mc/sec at 23°C, The

meagurements will not vary appreciably over the frequencies of

interest. Accurncy of measurvement is about *1% percent.

Material K Tan §
Gelatine-phosphate diluent (plain) 80 Q.57
Gelatine-phosphate diluend ;.22in) with 116-SM-231 69 0.59
Gelatine -phoaphate diluent (phenoiated) 73 G.55
Gelatine -phosphate diluent (phenolated;) with 70 6.71
112-BG-536
Disiiiled water 79 0.01
hea wa'or 78 2.0
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